This paper explores the effects of compressibility, sweep and excitation location on active separation control at high Reynolds numbers. The model, which was tested in a cryogenic pressurized wind tunnel, simulates the upper surface of a 20% thick Glauert-
Description of the Experiment

Overview
The set-up of the experiment was described in detail in a previous publication _. Only vital details will be provided here.
The "Hump" model
The model simulates the upper surface of a 20% thick, Glauert-Goldschmied type airfoil. It is installed on the right side tunnel turntable. The reference chord is 200 mm. The original location of the airfoil leading edge is defined as the reference leading edge (Fig. 1) In certaincasesthe spectra arenormalized by the spectraof the baseline flow at identical tunnel conditions. Thiseliminates anybiasthatis sensor or installation related. Table 2 Uncertainty of aerodynamic parameters. These values should be roughly doubled for M=0.65 data.
Experimental Conditions
The experiments were conducted at Mach numbers from 0.20 to 0.70 and chord Reynolds numbers ranging from 2.4x106 to 39x106. Table 3 Several flow indicators of the data shown , where r is the radial distance between a pressure tap and the center of the turntable, located at x/c=0.5 and z=0, and ¢p is the angle between r and the z=0 axis. The z'=0 axis is the midpoint between the swept end plates and it coincides with the free stream direction.
The data presented in Various scaling laws were proposed and the effectiveness of separation control using periodic excitation was demonstrated at swept flow conditions. We shall attempt to apply some of the scaling laws to the baseline flow and subsequently will apply it to the controlled flow. Clearly, the scaling for the Reynolds number could not be tested using the present set-up, which is insensitive to R,_.
The effect of sweep on the model baseline pressure distributions is shown in The effects of the Reynolds and Mach numbers were also studied. The spanwise uniformity of the mean wall pressures was found to be very good and generally improved with the application of periodic excitation, regardless of the sweep angle. The effect that the upstream boundary layer thickness has on the baseline and on the controlled 3D flow is small and will not be discussed here in detail.
Compressibility
Effect on Separation Control The location of the shock wave at compressible speeds coincides with the location of the steep adverse pressure gradient at the highly convex area of the model that causes separation at low Mach numbers. with those generated by F ÷ =0.8 at M=0.25 (Fig. 15) . The bubble pressure coefficients were normalized in the following manner:
to enable a clearer comparison.
The effect of this scaling on the baseline bubbles can be seen in Fig. 16a l (C r s were not scaled). The scaling shows a slightly longer bubble at M=0.65. The same scaling was applied to the controlled bubble Cp (Fig. 16b) The data shown in Fig. 21 demonstrates the effectiveness of steady suction and periodic excitation in modifying the form drag on the model at the two sweep angles when control is applied from the x/c=0.64 slot. Note the increased effectiveness when the control is applied from the x/c=0.64 slot, compared to its effectiveness when applied from the x/c=0.59 slot (Fig.  20) . The data indicates that for steady suction as well as for periodic excitation, the drag reduction is larger in the swept flow but the rate of drag reduction is smaller.
The data at F ÷ =2 and A=0 deg (Fig. 21 ) agrees very well with the lower F ÷ data (not shown). The swept data at F ÷=2 behaves differently.
It reduces the drag moreforlow(cu)'sandlessforhigher(c_)'s. The swept flow data of Fig. 21 and Fig. 23 
Effects of Excitation Slot Location
The effect of the relative location between the excitation slot and the boundary layer separation was studied using two alternative blowing slot locations, i.e. A range of steady suction rates was applied from both slots at M=0.25, Rc=21xl06 and 2D flow. The data that is shown in Fig. 27 , indicates that when suction is applied from the x./c=-0.59 slot it has a gradual, but small, effect on the integral parameters.
Suction that is applied from the x/c=-0.64 slot has a negligible, or even detrimental, effect on Cap for c/t <0.1%. The form drag is gradually and very effectively eliminated using higher suction levels (Cat , =0 for c/t-0.6%) that are applied from the x/c=0.64 slot.
The effect of the slot location on the efficacy of periodic excitation (F*=0.8) or steady suction, with increasing C/t, in reducing the form drag, is shown in Fig. 28 When the excitation emanates from the x/c=0.59 slot, its upstream effect is stronger. Significant differences in the effectiveness of high amplitude periodic excitation, using (c_)=0.38% that emanates from the two alternative excitation slots, can be seen in At compressible speeds, the presence of the x/c=0.59 excitation slot alters the pressure distributions.
However, the effectiveness of the x/c=0.59 slot, that is located under the shock wave, is greater than that located at x/c=0.64, just downstream of the shock. The shock wave location and the separation line are very close on the present geometry.
This eliminates the possibility of introducing the excitation downstream of the shock and still upstream of separation.
The spanwise uniformity of the wall pressures, at unswept flow conditions, was found to be very good and improved as the separation was controlled. The swept flow did not differ considerably from "infinitely" swept flow conditions. Steady as well as periodic control improved the spanwise uniformity at the lee side of the model. ,, 
Cp'
0.07 x/c Fig. 29 The effect of the slot location on Cp and Cp' using F+--0.8 for control, M=0.25, Re= 21x106: (a) <cp>--0.06% and (b) <Cl.t>=0.38%. 
